Abstract. The author presents a comprehensive review of the literature on spinal computerized tomography in the evaluation of spinal fractures and fracture-dislocations, degenerative processes with bony encroachment into the spinal canal, disc protrusion, cystic degeneration of the cord, communicating hydro-syringomyelia, intra-and extra medullary neoplasms and congenital malformations. Critical analysis of all published data and additional personal experience gained over the past three years make it possible to better define the clinical applications and practical limitations of spinal CT scans.
In the recent past there have been some major advances in the neuroradio logical exploration of the spinal canal and its contents. The introduction of metrizamide (Amipaque®), a water-soluble, isotonic contrast agent, has signifi cantly contributed to improved myelography with lesser side effects. Its use in combination with high-resolution computed tomography has proved to be of immense value in the non-invasive evaluation of a wide range of spinal and medul lary lesions (Jacobson et al., I975; Di Chiro and Schellinger, I976; Skalpe and Sortland, I978) .
In the following review we report on the results obtained with spinal CT scans in our spinal unit at the Geneva University Hospital.
Neuroradiological Investigations
Among the wide range of techniques that are currently available none is fully exhaustive. Each single method has its advantages and shortcomings, depending on the nature of the pathological state that requires neuroradiological investigation. The various methods are therefore mostly complementary. Good plain films should always be available before one considers any more specialised procedures. In fact standard X-rays often already provide valuable information with regard to the location and probable longitudinal extension of a pathological process.
Gas myelography
Since the introduction of metrizamide-enhanced CT the indications for gas myelography have become quite rare. The method is still used for the study of hydromyelia and intraspinal collapsing arachnoid cysts. Haughton's (I978) technique (5° and 25° head-down tilt) which causes only minimal intracranial leakage of oxygen is generally preferred to Westberg's (I966) method (head-up vs. head-down). A collapsing cord is compatible with the diagnosis of cystic spinal cord disease.
lVf:veloscintigrajOh:v
The lumbar intrathecal introduction of 99Tc-marked serum albumin has been proposed for the study of CSF-kinetics. In the thoracic and upper lumbar levels the method has been successfully used to demonstrate myeloradicular com pression. At the cervical and lower lumbar levels it is less reliable. Lateral herniated discs may easily be overlooked.
ComjOuted tomograj>h:v (CT)
Opening an entirely new dimension in the assessment of the spine and spinal cord, CT scanning yields particularly interesting results in the diagnostic evalu ation of fracture-dislocations, congenital vertebral malformations and degenerative spinal lesions causing bony encroachment into the spinal canal. CT scanning is a relatively quick examination which we always perform in the supine position, thus avoiding any unnecessary and potentially dangerous manipulations in patients with acute spinal trauma. Soft tissue abnormalities within the canal are more difficult to visualise. Two technical improvements have therefore been proposed:
Intravenous injection of contrast material in order to enhance the density of the epidural space;
Intrathecal injection of metrizamide in order to better delineate the subarach noid space (Coin et al., 1978) .
Metrizamide-CT is clearly superior to conventional myelography in patients with traumatic, stenotic and dysraphic conditions.
The normal spine and spinal cord
Computerised axial tomography renders a highly accurate image of the verte bral anatomy. It allows precise visualisation of any structural changes of the vertebral bodies, laminae, pedicles, facet joints and transverse processes (Sheldon et al., 1977) . Normal reference values have been obtained both for the spinal canal and the spinal cord. These investigations have shown that between Cl and LS the canal changes from an oval into a triangular shape and that its sagittal (antero-posterior) diameter always remains above 10 mm (Lohkamp et al., 1978) .
The structures within the spinal canal normally have a homogeneous appear ance. The cord and cauda equina are indistinguishable from the subarachnoid space (Scotti et al., 1977) . Absorption values within the canal vary from -20 to + 20 EMI units. The normal cord appears as a central density which is surrounded by a low density halo of cerebrospinal fluid (Oberson et al., 1978) . In our experience the thoracic cord and the cauda equina are technically more difficult to delineate than the cervical cord.
Pathological conditions of the spine and spinal cord

Traumatic lesions
CT scans provide detailed information regarding the degree of spinal cord compression (Lin et al., 1977) . The fracture lines are readily visualised (Fig. I) . Small bony fragments which are frequently missed on plain radiographs (Fig. 2) can easily be demonstrated with CT within the canal (Colley & Dunsker, 1978) . We consider the method of greater value than conventional myelography in determining the advisability of emergency neurosurgical treatment (Fig. 3 ). Fractures of the atlas are often difficult to evaluate on plain film radiography. CT scans conveniently indicate the degree of luxation and spinal cord involvement. (Fielding et al., 1978; Kershner et al., 1977) .
In patients having had previous laminectomy we have seen progressive stenosis due to new bone formation which was not recognised on standard X-ray films.
Degenerative lesions
One of the main indications for spinal CT is degenerative spinal stenosis (Lee et al., 1978) . The scan clearly reveals the degree of protrusion of osteophytes and calcified discs (Naidich et al., 1979) . It also allows precise measurement of the narrowing of the lateral recess due to osteoarthritis of the facet joins. The configuration of this recess is determined by the interfacet distance and the height of the pedicles. Since CT accurately reveals the shape and size of the cross-sectional area of the spinal canal it has become the procedure of choice to demonstrate lumbar spinal stenosis (Sheldon & Sersland, 1977) and encroachment on the intervertebral foramina due to hypertrophy of the facet, a condition resulting in nerve root entrapment. Due to a phenomenon known as 'partial volume averaging' at the level of the articular segments there exists a certain risk of false positive findings (Fig. 4) .
Herniated discs
As the resolution of the scanners improves, spinal CT is increasingly used in diagnosing herniated nucleus pulposus (Sheldon et al., 1976) . In patients with intractable sciatic pain but no or only minimal neurological disorders, CT scans should be obtained as an early diagnostic procedure. In more complicated cases it is advisable to combine positive contrast myelography and CT. In order to yield optimal results in the study of herniated discs the scanner should have a spatial resolution of less than I mm and a lateral localiser allowing exact identification of the intervertebral space. Most authors suggest that the image should be analysed with window settings of 500 H.U. (Hounsfield Units) for soft tissue identification and 1000 H.U. for the study of the skeletal structures. In patients with low back pain and sciatica it may be expected that the proper use of CT scans will signifi cantly lower the need for myelography.
Syringomyelia
With the aid of spinal CT Di Chiro and Axelbaum (1975) have been able to show cord cavitation in seven of nine cases with syringomyelia (Fig. 5) . Zumpano (1978) observed hydromyelic cavities adjacent to an intramedullary metastatic medulloblastoma. In combination with metrizamide enhancement CT was shown Case 690SII; male; age 12; incomplete tetraplegia CS-Thl; intramedullary polymorphous tumour extending from C4 down to Th5; partial neurosurgical excision in 1979 followed by radiotherapy; CT scan revealing degree of postactinic atrophic changes of the cord at level C6.
FIG. 6 Case 290320; female; age 51; incomplete tetraplegia C6-C7 bilaterally with complete para plegia below Th2; fracture of C6 with posterior dislocation over C7; progressive cystic degeneration of the cord, starting S months post-trauma, with neurological level rising to C4; CT scanning revealed intramedullary cyst extending from C4 to Th3.
to be very accurate in the differential diagnosis between spinal cord tumours and syringomyelia (Bonafe et at., 1980; Handel et at., 1978) . The exact identification of the level of the cavitation greatly facilitates the surgical approach and drainage (Forbes & Isherwood, 1978) . In communicating hydro-syringomyelia, Rinaldi et al. (1978) propose the intraventricular injection of metrizamide. After overflow of the contrast medium into the central canal of the cord, CT scanning reveals the exact shape and longitudinal extension of the syrinx. Most authors agree that ventricular puncture and metrizamide opacification remains the most efficient method in demonstrating communicating hydrosyringomyelia.
Spinal dysraphism
In children with diastematomyelia Pantopaque myelography fails to demons trate the split cord in as much as 30 per cent to 40 per cent of the cases, whereas metrizamide-enhanced CT practically always clearly indicates the malformation. Resj6 (1978) reports that in children with diastematomyelia CT is considerably more sensitive in demonstrating both the bony spurs and the splitting of the cord than conventional myelography. In patients with spinal dysraphism metrizamide CT, combined with plain roentgenograms, yields considerably more information than Pantopaque or gas myelography (Wackenheim, 1975) . The diagnostic value of CT in children with congenital intra-and extramedullary masses such as dermoid cysts, neuroenteric cysts, teratomas, lipomas, etc. has already frequently been stressed (Lohkamp, Claussen & Schuhmacher, 1978) . Resj6 (1978) recently published a paper on a series of 25 children with spinal dysraphism. The amount of metrizamide required in this series of CT scans never exceeded 4 ml of a solution of 170 mg 1/100 ml. The documents obtained were of excellent quality and allowed full appreciation of the underlying pathology. Although it is unlikely that CT scans will completely replace conventional myelography, the method will gain more and more interest since it provides an additional dimension which is of paramount importance in establishing the correct diagnosis.
Tumo urs
With metrizamide CT it is usually always possible to distinguish between extra-and intramedullary processes. The differentiation between intra-and extradural location is more difficult (Thijssen, 1979) .
Multiple sclerosis Coin (1979) has shown that acute lesions of multiple sclerosis cause low density or isodense images that enhance following the intravenous injection of iodinated contrast material. In a case history concerning a 24-year-old male student verte bral angiography and complete myelogram were normal while CT showed enhanc ing lesions both in the brain and spinal cord.
Conclusion
The diagnostic value of spinal CT scanning depends essentially:
on the type of spinal or medullary pathology that requires assessment, the degree of spatial resolution provided by the CT equipment, the frequent association of intrathecal contrast media such as metrizamide.
In patients with upper cervical injuries CT scans consistently yield more complete information regarding the state of the cord than conventional radio graphy and tomography (Roub & Drayer, 1979) . At all levels the method is by far superior to gas and Pantopaque myelography in demonstrating the extent of cord compression and root involvement.
At the present time appropriate evaluation of the size, shape and density of intraspinal tumours is only possible with concomittant use of a contrast agent such as metrizamide. It may however be expected that the more refined CT technology will in the near future provide a degree of spatial resolution that makes the use of intrathecal contrast media obsolete.
Marked stenosis of the spinal canal can already be diagnosed on plain films and with conventional myelography. CT scans provide the ways and means of visualising bony encroachment of very little longitudinal extension. One should however consider that correct and reproducible data concerning the dimensions of the canal may only be obtained if meticulous positioning techniques are applied in all serial examinations. We may then conclude that spinal CT has added an important new dimension to the precise assessment of pathological conditions that affect the spatial relation between the cord and spinal canal. Computerised tomography does not replace myelography or standard tomography. It yields however valuable additional information that cannot be obtained otherwise. RESUME La valeur diagnostique de la tomometrie axiale it l'ordinateur depend essentiellement du type de pathologie vertebro-medullaire (traumatique, degenerative, tumorale, etc.) qu'il s'agit d'explorer-du degre de resolution spatiale que l'on peut obtenir avec l'appareil CT qui est it disposition et enfin-de l'opacification quasi-systematique de l'espace sous arachnoidien it l'aide de faible quantite d'un produit de contraste hydro-soluble, tel que Ie metrizamide.
Chez les patients atteints d'une lesion cervicale traumatique, la tomometrie axiale fournit des renseignements plus complets et plus precis concernant l'etat de la moelle que toutes les methodes radiologiques conventionnelles. Independamment du niveau fracturaire (cervical, dorsal ou lombaire), il nous semble que la methode permet de mieux apprecier l'etendue de l'atteinte myeloradiculaire que la myelographie gazeuse ou celIe it contraste positif.
A l'heure actuelle, l'evaluation precise de la tailJe et densite d'une tumeur intrame dullaire exige encore la visualisation de l'espace sousarachnoidien it l'aide d'un agent contraste (par exemple Amipaque). On peut cependant prevoir que l'introduction d'appareils de plus en plus perfectionnes permettra, dans un proche avenir, de travailler sans cet artifice.
Dans les osteopathies degeneratives, la tomometrie axiale permet de localiser des retrecissements segmentaires isoles et d'en apprecier l'etendue longitudinale. L'experience des trois dernieres annees nous permet de conclure qu'en traumatologie vertebro-medullaire, la tomometrie axiale est un moyen de diagnostic complementaire extremement utile du fait de sa grande maniabilite, parfaite innocuite et relative rapidite, avantages que l'on ne saurait meconnaitre chez nos patients polytraumatises. Cette methode nous fournit des renseignements qu'aucune autre technique n'est it meme de produire.
ZUSAMMENFASSUNG
Die diagnostische Aussagekraft der Computertomographie bei vertebro-medulHiren Leiden hangst weitgehend von der jeweiligen primaren Pathologie ab (traumatische, degenerative, tumorale Lasionen, usw.) Ausschlaggebend ist ausserdem die technische Leistungsfahigkeit des zur Verfiigung stehenden Tomographen und Computers. Die Qualitat der Schichtbilder kann mit Hilfe der intrathekalen Verabreichung geringer Mengen eines wasserloslichen Kontrastmittels, z.E. Metrizamid, wesentlich verbessert werden.
Bei Patienten mit einem zervikalen Wirbeltrauma erblaubt die Computertomometrie eine genauere Abklarung der medullaren und radikularen Beteiligung. Auf jeder Hohe-ob zervikal, thorakal oder lumbal, besitzt die Methode in der Regel eine bessere Aussagekraft als die Myelographie.
Die exakte Darstellung einer intramedullaren Kyste oder eines Tumors ist zur Zeit nur moglich bei gleichzeitiger Verwendung eines Kontrastmittels (z.B. Amipaque). Mit den neueren, noch in der Entwicklung stehenden Prototypen wird dies jedoch nicht mehr notig sein.
Bei degenerativen Osteopathien gestattet die axiale Tomometrie eine exakte Lokalisa tion der Wirbelkanalstenose und deren Ausmass.
Die seit 3 J ahren in unserem Zentrum regelmassig eingesetzte Computertomometrie hat sich bereits als eine sehr zuverlassige Untersuchungsmethode erwiesen, die den Standardroentgenbefund unterstiitzt und erganzt.
